Background: Educational inequalities in total mortality in Norway have widened during 1960-2000. We wanted to investigate if inequalities have continued to increase in the post millennium decade, and which causes of deaths were the main drivers. Methods: All deaths (total and cause specific) in the adult Norwegian population aged 45-74 years over five decades, until 2010 were included; in all 708,449 deaths and over 62 million person years. Two indices of inequalities were used to measure inequality and changes in inequalities over time, on the relative scale (Relative Index of Inequality, RII) and on the absolute scale (Slope Index of Inequality, SII). Results: Relative inequalities in total mortality increased over the five decades in both genders. Among men absolute inequalities stabilized during 2000-2010, after steady, significant increases each decade back to the 1960s, while in women, absolute inequalities continued to increase significantly during the last decade. The stabilization in absolute inequalities among men in the last decade was mostly due to a fall in inequalities in cardiovascular disease (CVD) mortality and lung cancer and respiratory disease mortality. Still, in this last decade, the absolute inequalities in cause-specific mortality among men were mostly due to cardiovascular diseases (CVD) (34% of total mortality inequality), lung cancer and respiratory diseases (21%). Among women the absolute inequalities in mortality were mostly due to lung cancer and chronic lower respiratory tract diseases (30%) and CVD (27%). Conclusions: In men, absolute inequalities in mortality have stopped increasing, seemingly due to reduction in inequalities in CVD mortality. Absolute inequality in mortality continues to widen among women, mostly due to death from lung cancer and chronic lung disease. Relative educational inequalities in mortality are still on the rise for Norwegian men and women.
Background
Why socioeconomic health inequalities persist and even widen in the modern welfare states of Western Europe has been denoted a paradox [1] . Even in the Nordic countries, where the welfare state regime is generous with a focus on equality, there have been widening inequalities in the last decades, both on an absolute and a relative scale [2] [3] [4] . The Nordic countries differ from other welfare state regimes [5] , and stand out from the other Western European countries with lower level of income inequality, lower prevalence of poverty, generous social security benefits and a health care system mostly publicly funded [6] .
Previously, we reported widening educational inequalities (both relative and absolute) in mortality among middle aged Norwegians in the period 1960-2000 [2] . Cardiovascular mortality was the main driver behind the inequalities the whole period. The increase in inequality during the period was driven by cardiovascular mortality in men, and by deaths due to chronic lower respiratory tract diseases and lung cancer in women. We have also reported a flattening of educational inequalities in life expectancy in men after year 2000, while inequalities continue to increase in women [7] . Using national cause specific mortality data, we build on our previous work to examine if the educational inequalities in mortality in Norway have continued to increase after the millennium, and which causes are important regarding the educational inequalities.
Methods
Data was compiled by Statistics Norway and based on individual records from the Norwegian Cause of Death Registry and the National Education Data Base, and linked using the personal identification number unique to every Norwegian resident. Number of person years and numbers of deaths were summed up for each year 1961 to 2010 for those aged 45 to 74 years that individual year. Five decades were constructed by adding up person years and deaths between January 1 st and December 31 st in the periods 1961-1969, 1970-1979, 1980-1989, 1990-1999, and 2000-2009 . The study included 708,449 deaths and 62.3 million person years (Table 1) . Data was stratified by gender, five year age groups and in the three educational groups basic, secondary and tertiary. Basic education comprised those with nine years of schooling (seven years in the 1960s), the secondary group comprised those with primary and secondary education (10-12 years), and the tertiary group comprised those with post-secondary education (13+ years; college and university). Data on education was almost complete with only 0.9-1.3% missing all decades. The education stratification for all our analyses, and all decades, is based on Statistics Norway's revision of 2006, when the definitions were changed to be more in line with international criteria [8] . The new criteria are stricter regarding reaching secondary education, and with the new classification the basic education group increased from 19.0% to 32.8% in 2005, while the secondary education group was reduced from 56.7% to 42.4% [8] .
Tertiary education had only a minor change from 24.3% to 24.8%. In this report we have re-analyzed the data from all periods according to the new criteria. Overall, the tertiary educated group increased steadily in size from 6% in the 1960s to 25% in the 2000s in men and from 3% to 22% in women ( Table 1) . Causes of death were categorized according to the International Classification of Diseases using the 8th and ninth revision until 1996 and the 10th revision thereafter. Deaths were grouped in seven groups (ICD-10 codes): cancer of lung (C32-C34), other cancer (C00-C32, C35-C97), cardiovascular diseases (I00-I99), suicide (X60-X84), external causes (excluding suicide) (V01-Y89), chronic lower respiratory tract diseases (J40-J47), and other causes. Bridging between versions of ICD-8 to ICD-10 was done using Eurostat's European Short List of Causes of Death [9] .
Statistical methods
Age adjusted mortality rates per 100,000 person years were calculated using the direct method and European standard population weights (ISD1976) [10] . Two regression based indices of inequality were used to take into account the change in educational distribution over the five decades [11] . When studying mortality over time, and in the situation with falling mortality rates across all educational strata, absolute inequalities may be stable over time, while relative inequalities are increasing. Because of this we included both an absolute and a relative measure of inequality, which is recommended when studying health inequalities [12] . The Slope Index of Inequality (SII) is an epidemiological measure of absolute inequality in health applicable to ordinal socioeconomic variables [12] , and the corresponding measure on the relative scale is The Relative Index of Inequality (RII). When we refer to results regarding absolute mortality inequalities in the paper it is the SII we refer to, and regarding relative mortality inequalities we refer to the RII. These indices take into account the distribution of educational groups and are useful when comparing social inequalities over time or between countries. These indices can be interpreted as the increased risk of dying related to be on a lower level in the educational hierarchy. To calculate these indices the educational groups were ordered from lowest to highest level of education and each group was assigned a so-called Ridit-score (which is the percentage of the population with higher socioeconomic position, here education) [12] . The Poisson regression model was used to estimate the two inequality indices with 95% confidence intervals, regressing the age adjusted number of deaths (age adjusted rate multiplied with the person years) on the Ridit-score (continuous) and decade (categorical variable) and their interaction terms, specifically for each gender:
ln(age adjusted number of deaths)=ln(personyears)+a +b*ridit +c*decade1970+d*decade1980+e*decade1990 +f*decade2000 +g*ridit_decade1970+h*ridit_decade1980 +i*ridit_decade1990+j*ridit_decade2000 +error, where ln(person years) is the natural logarithm for person years, a is the intercept, b is the coefficient for the Riditscore, c-f are the coefficients for the decades and g-j are the coefficients for the interaction terms Ridit-score by decade.
The SII (for the 1960s) was calculated post-regression (using the nlcom-command in Stata) as a nonlinear combination of the estimated coefficients as: SII_1960 = 100,000*exp([a + b]/a). For other decades, for example 1970, SII was estimated as: SII_1970 = 100,000*exp([a + b + c + g]/[a + c]). A similar approach was used to estimate SII for the other decades using the appropriate decade-variables and the interaction term Ridit-score by decade. To test for differences in SII between decades, combinations of the above estimates were used, for (5) 464903 (7) 898462 (14) 1639013 (22 
Results
In men, absolute educational inequalities (SII) in total mortality flattened out after year 2000 -in fact there was a 2% non-significant (p = 0.56) drop between the periods 1990-99 and 2000-09 (calculated as: (SII_2000 -SII_1990)/SII_2000 = (1035-1050)/1050 (Table 2 ). This happened after steadily, significantly increasing absolute inequalities all the way back to the 1960s. In women there was a drop in absolute inequalities from the 1970s to 1980s, but thereafter a steady increase, also after year 2000 (p-value < 0.01). Relative inequalities (RII) increased sharply in men and women in all decades (p < 0.001), except from 1970s to 1980s in women where inequalities were stable (Table 2) .
Another noteworthy change in the post millennium decade from previous decades was the large drop in absolute inequality in CVD mortality among men; the SII for CVD dropped from 508 to 357 deaths per 100,000 (test of change in absolute inequalities: p < 0.001) (Figure 1a) . Since the 1960s CVD has been the largest driver of the absolute educational inequalities in total mortality in both men and women. Overall, there was a drop in CVD mortality for all educational groups the last decades, in both men and women, and in the last decade this drop was greatest in the lowest educational group (Table 3 ). The impact of educational inequalities in CVD mortality to the total absolute mortality gap by education was reduced from 48% to 34% in men, and from 46% to 27% in women (Figures 1a and b) . In men, death inequalities for all other causes increased in the same period (Figure 1a) . In women there was a steady decrease in absolute CVD inequalities since the 1970s, and this decrease continued after millennium (test of change in absolute inequalities between 1990-99 and 2000-09: p < 0.001) (Figure 1b) .
Furthermore an important finding is the substantial widening in absolute inequalities in lung cancer and chronic The number can be interpreted as the difference in absolute risk (unit is deaths per 100,000 person years) of dying related to be on a lower level in the educational hierarchy compared to be at the top. **Relative Index if Inequality, RII. The number can be interpreted as the mortality incidence rate ratio for those in the lower level in the educational hierarchy relative to those at the top. ***Change in ln(RII). Since RII is estimated on a log-scale, we investigate change using ln(RII) as this converts it to linear scale.
respiratory disease in the post millennium decade among women (test of change in absolute inequalities between 1990-99 and 2000-09: p < 0.001, Figure 1b) . In women, this widening gap for these causes is a continuation of a significantly widening trend since the 1980s (test of change in absolute inequalities: p < 0.001 between each decade 1980s to 2000s).
In women, educational inequalities in deaths due to lung cancer and chronic respiratory diseases combined constituted 30% of the total absolute mortality inequality in the post millennium decade, and were thereby more important than CVD (27%) regarding the total mortality gap by education (Figure 1b most of the total mortality gap in women (69% in the 1960s, 65% in the 1970s and 1980s, 46% in the 1990s, Figure 1b) . Also in men, absolute inequalities in lung cancer and chronic respiratory diseases increased in the last decade 2000-2009, and this increase was significant each decade since the 1970s (lung cancer and chronic respiratory diseases combined constituted 10% of absolute inequalities in total mortality in the 1960s, 9% in the 1970s, 14% in the 1980s and 16% in the 1990s, Figure 1a ). In men, these causes combined constituted 21% of the total absolute mortality inequality during 2000-2009, but CVD was still more important (34%), as it was in the previous three decades (43% in the 1970s, 49% in the 1980s and 48% in the 1990s) (Figure 1a) . Absolute educational inequalities in external causes and suicide were stable over time in men, and constituted in combination 8% of the total absolute male mortality inequality during 2000-2009. In women the corresponding figure was 4%. Absolute educational inequalities in other cancers and other causes increased after millennium and constituted 37% and 39% of the total educational inequalities in mortality in men and women respectively.
Discussion
For the first time in five decades absolute mortality inequalities have stopped to increase among men, even with a tendency toward a drop the last decade. This levelling out in inequalities among men is mainly due to a large and significant drop in CVD mortality inequalities. Due to falling mortality rates across all educational strata, relative educational inequalities in mortality are still on the rise for Norwegian men and women, as is the case in North, West and East of Europe [13] . For women this increase also holds for absolute inequalities, in line with our previous reports [2, 7] . The impact of educational inequalities in CVD on the total mortality gap was substantially reduced in both men and women the last decade. In women this decrease in inequality started already in the 1990s, but for men, the fall in CVD mortality inequalities was first seen in the last decade.
The overall rates of CVD mortality have decreased markedly from 1970s, and particularly marked from the middle of 1980s for ischemic heart disease, especially in men [14] . In both men and women, this fall in CVD mortality was more pronounced in the higher educational groups until year 2000, while from 2000 the fall was greatest in the lowest educational group, leading to flattening educational inequalities in the last decade. For women this CVD-driven drop of inequality was not out-weighted by the large increase in inequalities in deaths from lung cancer and chronic respiratory diseases, resulting in a continued increase of the gap in total mortality between those at the top and bottom in the educational hierarchy. Thus, even if CVD mortality inequalities continued to narrow in women the last decade, inequalities in total mortality increased. A populationbased regional Norwegian survey found that the educational trend in serum cholesterol levels weakened significantly between 1994 and 2008 [15] . If these results are nationally representative, this trend predicts cessation of the increase in the educational gap in CVD mortality, consistent with our findings in men.
As the decrease in coronary heart disease mortality in the Western countries during the last decades of the last century is related to better treatment [16] , more coronary heart disease patients are living with rather than dying from coronary heart disease and thus are at risk of dying of other risk factor-related diseases, especially long term smoking-related diseases such as chronic obstructive pulmonary disease and cancer. Also, smoking cessation affects cardiovascular health more immediately than cancers [17] .
Norway has the position as the country in Europe with the largest educational inequalities in smoking [18] , and in Norway educational inequalities in smoking have been on the rise since the 1970s [19] , with a possible fall after 2009 [20] . It seems that smoking matters more in Norway regarding educational inequalities in total mortality compared with other European countries [21] [22] [23] . In Finland there are large educational inequalities in female smoking, and smoking was the main driver behind the increased inequalities in female mortality during 1971-2010, while among men smoking was not as important [24] . Similar findings have been reported in New-Zealand [25] . In South-European countries there are smaller educational inequalities in smoking, which is also reflected in smaller differences in smoking-related deaths [21] . Also in US there seems to be other causes than the smoking, which are driving the increased educational inequalities in mortality [26] .
Lung cancer mortality started declining in adult men during the mid 1990s, after steady increase since the 1950s, while in women lung cancer mortality incidence started to increase later, around 1970, and did not decline until 2010 [14, 27] . In line with the world-wide tobacco epidemic described by Lopez et al. in 1994 [28] , higher educated people are being affected mostly in the epidemic's early stages [27, 29] . Those in the higher educational groups were the first to pick up smoking and also the first to abstain or quit [27] , especially among women [30] . In men, the prevalence of daily smoking started decreasing around 1970, from 52% in 1973 to 19% in 2010, while in women the corresponding figures were 32% and 19% [31] . Prevalence has continued to decrease to 15% in men and 14% in women in 2013.
Conclusions
In men absolute educational inequalities in total mortality stopped increasing in the post millennium decade seemingly due to a reduction in inequalities in CVD mortality. In women, inequalities (both on the absolute and relative scale) in mortality have continued to widen in Norway after millennium, mostly due to causes of death such as lung cancer and COPD. Educational inequalities in total mortality seem to be moving from CVD mortality being the single most important driver to a more heterogeneous pattern where deaths from several non-communicable diseases contribute. Inequalities in mortality should be monitored closely in the coming years.
